This paper assesses the effects of agricultural payments on changes in farmland bird diversity in Slovenia. Diversity was measured by Shannon index, while the impacts were estimated with the first-difference estimator on panel data for municipalities with and without special protection areas for birds. The effects of agricultural payments on farmland biodiversity require that the balance of financial instruments be taken into account when the agricultural policy is being drafted. The effects of payments in municipalities with and without special protection areas indicate the need to consider the landscape perspective and adapt schemes to landscape type while preparing the national agricultural policy.
Introduction
According to Eurostat (2016) , 47% of the total area of Europe is used for agriculture, while nearly 50% of all European species depend on agricultural habitats (Kristensen, 2003) . Within agricultural land, the traditionally managed agricultural areas are particularly important as a habitat for farmland biodiversity (Donald, 2002) . However, many farming practices affecting wildlife on farms and adjacent habitats are not very supportive of farmland biodiversity (Tscharntke et al., 2005) .
Farmland biodiversity is determined by (i) the diversity of habitats in agricultural landscapes, consisting of intensively used production fields and extensively managed habitats; (ii) the species diversity of wildlife including birds; and (iii) the genetic diversity of crops and species (Herzog et al., 2012) . As such, farmland biodiversity is essential for maintaining healthy ecosystems. Yet, in the past few decades, farmland biodiversity has been declining due to agricultural intensification and especially the conversion of grasslands into arable land. For instance, frequently used as a proxy for measuring farmland biodiversity (Chiron, 2013), farmland birds have experienced a decline of 57% in Europe from 1980 to 2016 (PanEuropean Common Bird Monitoring Scheme, 2018). Therefore, protecting ecosystems and reversing the loss of biodiversity remain important challenges for European agriculture (Matthews et al., 2016) .
Birds are often regarded as indicators of the general state of biodiversity of the research area, for both scientific and practical reasons (e.g., Furness & Kees, 1997; Furness & Greenwood, 2013, Gregory et al., 2003; Gregory et al., 2004) . They are easy to detect, identify and census, live in a widespread habitat, have well-resolved taxonomy, are moderately abundant, have moderate life spans, and are of moderate body size. Besides, birds are at the top of the food chain and thus mirror the accumulated changes in the chain (Gregory et al., 2005) . Moreover, the information on breeding bird populations is available throughout Europe (Gamero et al., 2017) . However, there are also many problems in using birds as indicators of the entire biodiversity, like migratory habits and a low degree of specialism in some species (Gregory et al., 2005) . Based on previous studies and despite mentioned misgivings, in this study we use data on breeding bird population to surrogate the entire biodiversity of the research area and in this way, we do our analysis costeffectively and in a practical manner.
283/474
The European Common Agricultural Policy (CAP) favours agricultural intensification by direct payments aimed at providing basic income support to EU farmers (i.e., the first CAP Pillar). It should, however, be noted that large share of these payments is decoupled from production (implemented in 2005), and farmers must keep their land in good agricultural and environmental condition and meet legislative standards concerning the environment, public health, plant health, and animal health in order to remain eligible to receive this support (cross-compliance conditions) (EC, 2017). The introduction of three greening measures in the first CAP Pillar (Ecological Focus Areasto safeguard and improve biodiversity on farms, Maintenance of Permanent Grasslandrequired in areas covered by the birds and habitats Directives and Crop Diversificationto improve soil quality) in 2015 also created changes in cross-compliance (Hart et al., 2016) . On the other hand, the CAP includes agri-environment measures or payments (i.e., the second CAP Pillar) in an attempt to minimise the negative effects of agriculture practices on biodiversity, as well as on water, soil quality and landscape diversity (Kurz, 2018) . Agri-environment payments are made within a respective member state's national Rural Development Programme, which links European and national, local needs, while the states have to provide co-financing.
The wide debate currently underway on CAP reform post-2020 frequently points to environmentally ineffective CAP measures. Researchers (e.g., Matthews et al., 2016; Anania et al., 2015) in particular, criticise the limited environmental benefits of cross-compliance and the greening payment, as well as the scope and conditions of the agri-environment scheme, and seek a way to increase the effectiveness of agri-environmental measures on biodiversity. Moreover, specialists support the idea of clearly distinguishing the global commons and the "quasi-local" commons, where the first should be 100% financed by the EU budget and the latter jointly managed and co-financed by the EU and the member states. The subject of this study, farmland biodiversity, is considered a pure global public good (non-excludable and nonrivalrous) and therefore, following the proposal, it should be fully financed by the EU (Matthews et al., 2016) .
It should be recalled that the CAP receives the biggest share of the EU budget. For illustration, direct payments benefit nearly 7 million farms across the European Union, and in the last ten years, on average, nearly half of farmers' income has come from direct support (EC, 2017). Moreover, agri-environment payments represent 30% of rural development expenditures from the European Agricultural Guarantee and Guidance Fund (Eurostat, 2012) . This indicates the CAP is a complex and well-financed policy that likely has a crucial impact on farmland biodiversity.
Despite resources from EU funds being usually allocated at either national or regional territorial level, Bonfiglio et al. (2015) advocate analysing the ex-post expenditure at a local level. However, when analysing effects of CAP, NUTS 2 regions are usually the aggregation level of choice (Chirion et al., 2013). Our analysis was conducted at LAU 2 level (previously called NUTS 5), which represents the highest level of territorial disaggregation.
So far, studies investigating the impacts of agricultural payments on farmland biodiversity have chiefly focused on aggregated agri-environment payments not broken down to specific groups of agri-environment payments, such as payments for organic farming and payments for nature conservation. Further, they have shown opposing results, inter alia because the focus and methodology vary between the studies. While Batary et al. (2015) observed positive and stabilising effects of agri-environment payments on biodiversity, several studies found no effects or negative effects (e.g., Kleijn & Sutherland, 2003 and Dicks et al., 2014) . Empirical findings are quite controversial, and there is no general agreement on the effectiveness of agri-environment payments. Besides, studies have originated from very few European countries, typically Western Europe (Kleijn & Sutherland, 2003) .
In 2004, Slovenia, Slovakia, Poland, Czech Republic, Hungary, Cyprus, Malta, and the Baltic countries joined the European Union and initiated the agri-environment schemes. Most new member states were included in a recent study by Gamero et al. (2017) who investigated the effects of agri-environment schemes on bird population changes in special protection areas for birds ("SPAs") on the EU scale. They concluded that EU policies generally mitigate the decline of farmland bird populations, but do not reverse them. After a decade or more of agri-environment 284/474 schemes running in new member states, it is an appropriate time to broadly overview the influence of agricultural payments on biodiversity, not limited to SPAs. Therefore, we tested the hypothesis that agri-environmental payments have positive effects on biodiversity, compensating potential negative effects of direct payments.
This study aspires to fill a void in policy evaluation in the region. Unlike previous (forecasting) studies, which modelled the impacts on biodiversity by comparing baseline scenario with various policy scenarios for 2020 (e.g. Overmars et al., 2013; Chiron et al., 2013) , this study models the impacts of direct payments (the first CAP Pillar) and agri-environment payments (the second CAP Pillar) in the period 2007-2013 on changes in biodiversity. Moreover, the impacts are assessed separately for municipalities with SPAs and municipalities without SPAs to demonstrate the contribution of the EU Birds Directive to farmland biodiversity.
Study area, Materials and Methods
We conducted our study using data from Slovenia, a new member state from South-east Europe. The country's small territory (20,273 km 2 ) is characterised by a high diversity of species, ecosystems and landscapes resulting from its location between the Alps, the Dinaric Alps, the Pannonian plains and the Mediterranean (Ciglič & Perko, 2013) . Consequently, public spending on agri-environment measures accounts for the largest share of the country's budget for rural development, and the same applies to Europe (Slabe-Erker et al., 2017).
In this study, we model the impacts of direct payments and agri-environment payments on changes in farmland bird biodiversity. The study is conducted at municipality level (LAU 2, previously called NUTS 5), which represents the most detailed level of territorial disaggregation.
We use the Shannon diversity index as an indicator of the impact of agriculture on biodiversity. The Shannon index is the most popular approach to quantify biodiversity (Shannon & Weaver, 1949; Chirion, 2010) . It has two componentsthe richness of species and the evenness of abundances of species. It is thus sensitive to the presence of rare species (Smale et al., 2003; Nagendra, 2002) .
The Shannon index of farmland bird diversity is defined as follows (Nagendra, 2002) :
where is the proportion of i-th species abundances in total.
We used farmland birds population trends as a proxy for the trends of farmland biodiversity in general (Chirion et al., 2013). We obtained annual data on breeding bird populations from the Slovenian farmland birds census from 2008 to 2013 (Kmecl & Figelj, 2013) . Birds were counted twice yearly during the breeding season. The first count took place from 1 April to 5 May and the second from 6 May to 30 June. The birds were counted during a slow walk (approx. 2 km/h) on 2 km transects (Bibby et al., 2000), by experienced ornithologists. Altogether, 103 transects were censused. The transects were positioned freely inside 2x2 km squares (sampling plots). These squares were taken from the grid of the new Slovenian breeding birds atlas (Kmecl & Figelj, 2013) with the restriction to have more than 40% of agricultural land use. Again, the selection of these squares was free, distributed unevenly across the agricultural areas of the country (Figure 1 ). All bird species were counted, but for this analysis, we used 29 species determined as indicator species in Slovenian farmland (Kmecl & Figelj 2013 , see online Appendix, Table A1 ). The survey unit was a pair, which meant a singing or otherwise observed male, observed female, a group of fledglings or inhabited nest (Koskimies & Väisänen, 1988) . We used the maximum of two yearly counts per species.
In Slovenia, SPAs cover 24.55% of the total land area, 105 (of 210) municipalities are entirely without SPAs (Figure 1) . Usually, the SPAs that include farmland have more than one indicator species as a protected species as well as several other farmland species. Some of the SPAs included do not have agriculture as their predominant use (for instance, SPAs with large forest 285/474 and mountainous areas). The sample in this paper includes all SPAs with at least one indicator species of the Slovenian farmland bird index among the protected species according to the Directive on the conservation of wild birds of the European Union (Directive 2009/147/EC; OG RS 2004). Only a few wooded, high-mountain or coastal SPAs with no farmland are excluded. The sample is divided into municipalities with SPAs and municipalities without SPAs. Ordinary kriging was used to interpolate abundances on a 1000 x 1000 regular grid which covers the entire area of Slovenia. Therefore, the dimension of each cell was set to 163 m x 248 m. Each of the 29 species in each year was interpolated to the regular grid. Kriging values from grid cells were used to obtain average counts for each municipality, including those without monitoring. The average counts were used to calculate the Shannon index of farmland birds.
In order to explain changes in the Shannon index of farmland bird diversity, data on agricultural payments were used. These include direct payments and agri-environment payments. 
Where i is a municipality index, t is a time index, and Δ denotes the lagged yearly difference. SI stands for the Shannon diversity index, DP for direct payments, and CS for coupled subsidies (direct payments linked to production). The impacts of agri-environment payments are assessed separately for negative-impact-reducing payments (AEP1) and nature-conservation payments (AEP2). AEP1 includes payments for organic farming, integrated crop production, preservation of crop rotation and greening of arable land, while AEP2 includes, for example, payments for preserving extensive grasslands, preserving grassland habitats, mowing of steep and humpy meadows, meadow orchards, wet meadows, and mountain pastures. To facilitate understanding and for simplification, hereinafter wherever agri-environment payments are written out in full, we refer to them as AEP for organic farming and AEP for nature conservation. The model also takes account of specific land uses and climate conditions. We assumed that bird species diversity is affected by a change in the length of the forest edge (Variable name: Forest edge), a change in grassland area (Grassland), a change in heterogeneous agricultural areas (Heterogeneous), a change in the average May temperature (Temperature) and a change in the total May precipitation (Precipitation). We chose May because for most of the indicator bird species, this is the month of their peak breeding activity and weather conditions in this month have a great impact on their breeding success. The model also considers temporal dynamics by incorporating the lag of the Shannon index.
We used R 3.4.0 (R Development Core Team, 2017) to conduct the statistical analyses. Package "ggplot2" (Wickham, 2009 ) was used to produce the figures and "stargazer" (Hlavac, 2015) to produce the tables. The panel model was estimated with the first difference estimator using the "plm" (Croissant & Millo, 2008) 
Results
The diversity declined in the studied period in the municipalities without SPAs, while this trend is not present in those municipalities with SPAs ( Figure 2 ).
Fig 2. Average annual values of the Shannon diversity index with standard deviations. Source: own result
Descriptive statistics for the Shannon index and predictors used in the model are presented in Table 2 separately for municipalities with SPAs and municipalities without SPAs. 
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The average value of the Shannon index, presenting farmland bird species diversity, in the period 2008-2013 was higher in municipalities with SPAs (2.495) than in those without SPAs (2.342). On average, the length of the forest edge was 5,500 m/km2 in municipalities with SPAs, and 6,167 m/km2 in municipalities without SPAs. Moreover, on average, grassland covered nearly 16% of the total area in municipalities with SPAs and 21% of the total area in those municipalities without SPAs, and heterogeneous agricultural areas covered around 1% of the total area in both types of municipality. The mean May temperature was a little lower and the total May precipitation slightly higher in municipalities with SPAs. These differences are primarily the effect of the SPA "Julijci", which covers 99% of the Triglav National Park in an Alpine region. Both the mean May temperature of around 15 o C and slightly more than 100 mm of May precipitation throughout the country correspond to the area's prevailing moderate continental climate. The t-test confirmed statistically significant differences in all variables, except in direct payments.
In municipalities with SPAs, the total agri-environment payments (AEP1 and AEP2) were higher, and the sum of direct payments and coupled subsidies was lower than in municipalities without SPAs. The AEP for nature conservation (AEP2) are mainly distributed in the Alpine foothills and the Karst region ( Figure 3 ).
Fig 3. Spatial overlap between average yearly AEP for nature conservation -AEP2 and SPAs with at least one indicator farmland bird species. Source: own result
Direct payments are similar in municipalities with SPAs to those municipalities without SPAs, while coupled subsidies are slightly higher in municipalities without SPAs. AEP1 are higher in municipalities with SPAs while AEP2 are higher in municipalities without SPAs. The trend of AEP1 shows a marked increase in municipalities with SPAs, whereas the trend of AEP2 shows a marked decrease in municipalities without SPAs (Figure 4) . Some municipalities did not receive coupled subsidies at all (one in 2010 and 2011 and three in 2013). Further, agri-environment payments were not paid out in all municipalities (one to three municipalities each year). Estimated coefficients for the first-difference model are presented in Table 3 . The impacts on the Shannon diversity index are assessed separately for municipalities with SPAs and those without SPAs. 
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The first-difference test for serial correlation was statistically significant in both types of municipalities; hence, we used serial correlation consistent standard errors, while the test for spatial autocorrelation was not statistically significant at 0.1. R square was moderate in the case of municipalities without SPAs and lower in the case of municipalities with SPAs. On average and with other predictors constant, the Shannon index is decreasing by 0.013% per year in municipalities without SPAs, while it is not decreasing in municipalities with SPAs. Effects of agricultural payments are mainly observed in municipalities without SPAs. An increase in direct payments by 1% is followed by a 0.041% drop in the Shannon index in the next year. In addition, the increase of coupled subsidies by 1% is followed by a 0.052% decrease in the Shannon index in the following year.
In contrast to municipalities without SPAs, there is no statistically significant correlation between the Shannon index and coupled subsidies in municipalities with SPAs, whereas direct payments have a negative effect on diversity regardless of SPAs. A 1% rise in direct payments is associated with a 0.016% drop in the Shannon index in the next year. The results reveal a statistically significant connection between the Shannon index and agri-environment payments only in municipalities without SPAs. Higher AEP for organic farming increase the Shannon index (0.054) and, similarly, higher AEP for nature conservation slightly increase the Shannon index (0.027).
On the other hand, there is no statistically significant connection between the Shannon index and agri-environment payments in municipalities with SPAs.
We found no statistically significant connection between specific land uses, i.e., forest edge, and heterogeneous agricultural areas, in municipalities without SPAs, while the effect of these land uses is present in municipalities with SPAs. An increase of the forest edge and heterogeneous agricultural areas by 1% is followed by an increase in the Shannon index of 0.260% and 0.101%, respectively, in municipalities with SPAs. By contrast, an increase of grasslands by 1% is followed by an increase in the Shannon index of 0.717% in municipalities without SPAs, while an increase in this land use has no statistically significant effect in municipalities with SPAs.
The effect of precipitation is statistically significant in both types of municipalities. However, the effect of precipitation on diversity is non-linear and different for different values of temperature. Higher precipitation reduces the average temperature. The effect on bird diversity is most beneficial when both average temperature and precipitation are high.
To demonstrate how different criteria for the division of municipalities impacts results, regression coefficients were estimated at different cut-off points for shares of SPA in the total municipality area. Regression coefficients of agricultural payments remain stable when the share of SPA in municipality increases. Division of municipalities at different shares of SPA does not significantly impact the results of the regression model when the share of SPA is larger than 0 ( Figure 5 ).
To examine how the use of interpolation of bird populations impacts results, regression coefficients were estimated on a subsample of municipalities with direct measurements of bird populations (40% of municipalities contain censused transects) and compared to the whole sample. A 1% rise in coupled subsidies is associated with additional 0.027% drop in the Shannon index in the following year, while higher AEP for organic farming increase the Shannon index additionally by 0.02%. Differences of coefficients between this model and the model with all municipalities were not statistically significant for direct payments and AEP for natureconservation. The impacts of agricultural payments do not change direction when only a subsample of municipalities is analysed, and they merely intensify in the case of coupled subsidies and AEP for organic farming. These differences are highlighted in Figure 5 . 
Discussion and conclusion
This study was designed to determine the effects of the CAP first Pillar measures, i.e., direct payments including coupled subsidies and CAP second Pillar measures, i.e., AEP, on farmland bird diversity in Slovenia in the period 2008-2013. Different payments had different effects (positive or negative). Therefore, the balance of different financial instruments must be given due attention when the policy is being drafted. Since the relationships were significant for municipalities without SPAs, but not for municipalities with SPAs, we must differentiate these two groups.
As Chirion et al. (2013) suggested, the effectiveness of the CAP on biodiversity should be tested on smaller spatial levels, such as regions, and the best policies at the sublevels combined to create a national plan. Our study at municipality level demonstrates that in designing agricultural policy in Slovenia, it would be reasonable to develop measures separately for SPAs. Not taking SPAs into account is likely one source of the contradictory results of some studies on the regional level (Kleijn & Sutherland, 2003; Dicks et al., 2014) . Moreover, SPAs are typically linked to special landscape (extensive agricultural land-use and landscape mosaic structure) (Hrustel Majcen et al., 2010), therefore our results are also in line with Tscharntke et al. (2005) who claim that financial support to farmers should consider the landscape perspective and better adapt schemes to the landscape type.
The second major finding of this study is that AEP are potentially important for preserving bird diversity. In municipalities without SPAs, AEP increase bird diversity, but direct payments and coupled subsidies have a bigger opposing effect. Bird diversity is still declining in these municipalities. According to Batary et al. (2015) , AEP can be effective for conserving farmland wildlife, but are expensive and need to be carefully designed and targeted. In addition, as part of the CAP reform post-2020, it is recommended that payments be targeted to specific objectives with a clear orientation on results (Matthews et al., 2016) . This means shifting from the 'paymentobligation' policy to a contractual policy that defines objectives and results. Further, the Swiss idea that farmers with more land would find it easier to set land aside for biodiversity priority areas is appealing.
Even though the farmland bird diversity fares much better in the municipalities with SPAs, the AEP in these municipalities apparently do not function (we did not notice any effect in our study) and are therefore unable to compensate for the farmland bird diversity loss elsewhere. The overall farmland bird index for the whole country for the period 2008-2013 was thus just 78.4the starting value in 2008 was 100, which means a drop of 21.6% (Kmecl & Figelj, 2013) . We assume there are three reasons for the insignificant impact of AEP in municipalities with SPAs: 292/474 firstly, municipalities with SPAs have less agricultural land use, and the effects of both direct payments and AEP are less pronounced. Secondly, the current study implies a problem of low AEP aimed at nature conservation compared to AEP for organic farming and direct payments. Lastly, funding is poorly targeted concerning biodiversity conservation needs. Butler et al. (2010) also pointed this issue out, and similarly, Tscharntke et al. (2005) indicated that agri-environment schemes for complex landscapes, such as those including SPAs, are not sufficiently targeted to the needs of the species they aim to protect. SPAs are species oriented measure, and to fulfil their conservation goals, AEP should contribute to the goals of individual protected species through tailor-made payments. Some species can serve as umbrella species since through the improvement of their habitat we can contribute to the conservation of other conservatively important species.
However, on average, biodiversity is not declining in these municipalities, probably due to the contribution made by the SPAs. Gamero et al. (2017) also found that SPAs affected protecting farmland bird species and generally fulfilling the main role they were designed for. Even though on average, the farmland bird diversity is not declining, the negative effect of the direct payments in municipalities with SPAs and simultaneously more farmland is still present, as clearly seen in the model. Therefore, we believe steps should be taken to promote measures for nature conservation in municipalities with SPAs and to reconsider whether farmers are being paid enough for their provision of nature conservation services. Further, for both types of municipalities, our results support efforts to improve the AE scheme and the use of targeted payments coupled with specific objectives with a clear orientation to results.
In addition, our study shows that direct payments decrease bird diversity not only in municipalities with SPAs but also in those without SPAs. The finding agrees with the study of Reger (2009), proving that direct payments lead to low values of all habitat diversity indices. However, there is evidence that abolishing or reducing direct payments would in some areas lead to land abandonment and a reduction of available habitats for most farmland species, and to the loss of farmland bird diversity (e.g., Brady et al., 2012, Wretenberg et al., 2006) . Direct payments are perhaps good for preventing the abandoning of land and hence a radical drop in diversity but are insufficient for maintaining the historical diversity. As our model does not include areas under abandonment nor the level of intensification, future research should focus on those. We would also like to stress that we focused our research on a wider, municipality level and that different landscape scales might give different results and further insight into the impact of CAP on biodiversity.
More information on the CAP's impacts on biodiversity and nature conservation, in general, should help us establish greater accuracy on this matter. If the debate is to move forward, a better understanding of the close interrelationship of agriculture and the environment must be developed.
Although our paper resolves some of the theoretical and methodological issues of existing studies, it still has certain limitations. The municipality level might not be most suitable for analysing biodiversity, because municipalities vary a lot in size and could be very heterogeneous. However, when analysing effects of policy (CAP), NUTS 2 regions are usually the aggregation level of choice. Next, our study focuses on bird population to surrogate the entire biodiversity of the research area. Although this is established approach in recent studies, further research should consider its limitations and try to create a more robust indicator for biodiversity that can also be used for studying the effects of agricultural and environmental policies on biodiversity. [2] Batáry, P., Dicks, L. V., Kleijn 
